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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
element and a manufacturing method thereof. 

SOLUTION: A semiconductor element and a 
manufacturing method thereof comprise a first electrode 
made of a silicon material, a stabilizing film which 
hydrophilizes a surface of the first electrode and 
readily forms a dielectric film, the dielectric film 
formed by supplying reactants in order, and a second 
electrode which is formed on the dielectric film and is 
larger in work function than the first electrode made of 
the silicon material. 
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y mum. $ » l «* J: •) tt¥B8 £ v > m 

2 m* t *-sv^-e* a - *#» t * *f»o 

-->A?jt®tf[;%, Ta2 0s, BST, SrTi 
03, PbTiOs, PZT, PLZT\ Y2O3, CeO 
2, Nb 2 05, T i O2, Z r O2, Hf O2, S i O2, 
S i Nfci^S i3N4frb&&m£ tt& life 

§ v>»JtI t j&* K- kf > V $ *Lfc # 'J v 
ij 3 >Rk#W^ftS*Lfcz^il-C*4 £ b *mikb 

[»*^4] HHE&KW4A 1 , Ni, Co, Cu, 
Mo, Rh, Pd, Sn, Au, Pt, RuiJiffI r 

i , T i N, TiAIN, TaN, T i S i N, WN, 

wbn, C o S i iHumfrbb&mi: *)M$L2tiX}8. 

■K lWia*«ttBlftfl|l4Ru02, RhOafc-fctflrO 
2 * <b ft * » X t) MM 3 ftTJ* & Z t fc -t 2> m * 

[fit** 6] HufB^ftMliv'J n>^<bM, v'J3 

5 KUIftOiMHfcSFf-o 

7 ] mifBif «ttK<il|(?*ft*8: K i ») ffM 
$*LfcBt-e*4 - 1 *#«i:i-4«f#3i 1 - 6 ov»-f *t 

7. b n- if a- ^ b zm&mm-r&ijmx&zz t * 

iflEv' U 3 >^»K^*&$*WiT«** J: «J ft»MI 

[W*J1 1 0 ] *|Lh*ttBI±£JHR, fflMj&&Klt 

J±2J2LhJ: *fcJ±->'J3^**WtJ: *)ft*P*5 

ft*** ivWRfc ^M^f ri $ K - fcf > ^* $ tt fc # 'J v 'J 
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< kna^A $ tt t ft * £ b * # m 1 1- s is*^ 9 1 tz \ ± 

1 0 iriB«0**#:*^o 

1 2 ] *E££ftltli v U 3 >«M tK. -> U 

1 1 Ktm^M^m^-o 
10 mim 1 3 ] mmm^mmT-mmmmz ± 0 ^ 

t si- i?>?~ifX b Zm>km&1r&Jjii:X"$>2> Z b 

^#mtl-^»**i 3 ^ie«o###*?o 
15] v y 3 >*«t , tfriBv y 3 

mv- hmmm±^m^titzmt^y y a 0 ft 
[w** 1 6 ] friar- h ^siitsi, iftit 

< it 2 MJi i *) m Z> i)\ t It y'Jn^ili') ft* 

y 3 v R ZtLtz Ztl? * 4 £ t * # IK t 

1 5 UfB^O^gC^Sl^o 

i 7 ] KrlBv y 3 >*«_hicMiB-> y 3 

1 8 ] «ria*jfef tit»± v y 3 >afcffcn, -> y 

warn 1 7 iciB«<o^#«^ 0 
m^m 1 9 ] uriey- h mmmttm^mmmmz x 
vMm2titzmx~&z>zb*itmb'tz,m$imi 5-1 

iff x b /1- > V rt'xb* MX&tirt % -ftfexh izt 

^#mt-t-*w**i 9 tcfe«o^*flt*? 0 

40 2 1 ] ¥*#:^*Lhlc v 'J 3 > ^KTitJjS: 

t m$m® l Tit 1 3g*i- * s«f t , twria 

■MtftK±K, frlBv y 3 >X4MtTHMt3*Lfc* 1 « 
J; <o ft *M iSc#^ & v ^ 2 * #ftt * gpg t * ^> 

[W**2 2] HufBlf^#:)l(±T^5-^Amfttl, 
T^^-^ATKKfk^ Ta 2 05, BST, SrTiO 
3, PbTiOs, PZT, PLZT, Y2O3, Ce 
O2, Nb20s, T i O2, Zr02, H f C-2, S i 
50 O2, S i NiSi^S isN4*»ibft-6»± ^31#?$tt* 
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i s*:i±2j£JLhj: vfc&z t z&mt-r &mmm2 1 k 
[w#si 2 3 ] itriB* 2 m«<i&JKit, jes»^#«)K 

14 2£Lhit)ft5*, * 14 v 'J n >m»SC i ») tt*W 
S v»*KK t **fc*H* K- tf > ^ £ *l£ *° y -> u 
a >It ^II^J& $ tt^-SM^* £ C t *m « t + 
£W*«2 1 f fc(42 2 KKMn^mitm^ntktt 

[i*f2 4] tfHB&JPSHU4A 1, Ni, Co. C 
u.Mo, Rh. Pd. Sn, Au, Pt, R u £ <fc 0? 

liTi, T i N> T i A 1 N, T a N> T i S i N, W 
N, WBN, C o S i &£V*Wfrb%Z>m£ *)M8lZtl 

xf&y), i»E*mttBMfciii±Ru02, Rhojfiiin 

[lt$$ 2 5 ] WIS* 1 W**JB(fc-*-*«flm, BtrlB 

*zh\zMr&^&zt*%mt'tz>mi$a&2 1-240 

[»*S 2 6 ] MU&mtmt v 'J 3 J/HMfcR, v v 
K&S 2 5 UEWO^Sfr^OKift^feo 

2 7 ] mm^mmi-mmmmi- zvr* 
fc^&zt*mkt-t2>ffijm.2 1 frh 2 &<r>^-ffifr 

2 8 ] tsi? mmmm*?- * \zbu& 

^#mt-r^tf*]i2 7 Kum^mfcm^nm&jj 

&s*i-££t 2 1-2 8ov>-f*t 

imim 3 0 ] ^NWMfrBLhU, v y a 
4RRft, frfBlf^#:)RJiic, a 

[»**3 1] ttffiLhffittfeii&JRNL XKA&JKIl 
is «fc cfVUtttaMUR* <b & •?> 5£ 4 l L < 

f± 2 j£LL-e* 4 tf\ i fc 14 v y a >*WR 4 •? 
*«**v>»Jtllt^iH*3& , K-^>^ r **tfc#U ->y a 

-✓it amxMm zKtz-m,mx&z,ztit¥?mt-fz, 



(3) #W2 001-111000 

4 

«fc-*-*Hl3fc!S3 0 £ fci±3 1 tcfB«0^#«^<7)M 

I 3 3 ] itriB^sf fc«i± *s y a > gHtis, ~> y 
m^m 3 2 iriB*<7)**fr*^o^jt^fto 

3 4 ] ttKmflttii«?«ff*&£ «t "9 B 
*i-*ikS:!RFffci:i-4»*3l3 0-3 3 0v»-f*L*»l 

o 

3 7] v 'J a >mL±iZ, BU&to*M<k®» 

±.k, ffirsa-> y a t <ottmm$k&±%^r- 

20 nmwi&o 

iw**3 8] friar- h mwti&fcm, ism&&m 

< li 2 Jtt±T?* 4 rt\ 4 fc (4 -> 'J a >^ftJt i *) ft*M 

§ v>w jtR t ^«»*« k- ^ > if $ itfc ^ y v y 
ibv y a >*«*a*ttft$*rmrEy- 

30 3 7 i (4 3 8 t;fBift<0#*#*^-OSS^*ffio 

[W*« 4 0 ] ltr!E3r5£ffcS!Ji -> y a y mtlSk, v y 

3 9 KEtt<0^*fl:*^ 

4 1 ] WIBr- h ^»JBU4H?-JB^*«tc j: 
9»«i-*ik*1«it+*«*3l3 7-4 oov^fii 

[is** 4 2 ] uriey- h««iw*»«i-*«»ife, 
40 mmmm^um] 

[0 0 0 1 ] 
[0 0 0 2] 
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a s ti tz * \ t < v * & rt^f f e> it %> o 

[0 0 0 4] ^^/^v^#JSiC^V»T(iSim'*)gl 

-f v> # v v >j a > SI & K f £ ^fe^, «£*^ 

#SV>? ypfrffltm (TazOs) ^BSTf (Ba'S r 
T i Os) £«§m#«i: L-C»ffli-^>*ft#fflv^tiT 
v»5 0 L#>U ?y?^mm (TaaOs) ^BSTH 
(BaSrTiOs) t v^o 

1- ii , 3c5e L * * / <? -> 9 £ f# -5. fc *t> ic^IS * i&*P 

3>*ittu«iu 9 > 9 )vm.im^mmwmt 
k -> y n v mf mw^js $ it* * ? > tfi&T-t 

^'Jy'Jn^ifttUftfflU BST 
UffiltSt, »it«»E^# v»W« 

m x & 1 1 it I <b & •=> o 
[0 0 0 5] -f-i-C, & W-Jfc-^T J: <9«tt^ 

##14 £ *i- * £ s *<6 & itr v> „ Mx. If , 

cam * rt± $ * * ^NMttR^a*** 

f>itTv^fCo 
[0 0 0 6] 

l^mam^ Lidt-tz mm] #§mb«o § mit >- y = 

1 [6] _L $ ■*# 4 £ 4 £ h * 

& o 

[0 0 0 7] X> #»l»O1tt0)S«tt^&ttlB¥*# 
[0 0 0 8] 

[»«* fcao^Ma nines «*aya-r*fc# 
* i *K . striem i «*JiURid« l r u 

[0009] mmmig.ftmiiTfr$-vA>mitw, T)v 
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X—V&ftMiU®}. TaaOs. BST, S r T i 03, 
PbTiOs, PZT, PLZT, Y2O3, CeOa, N 
b2 Os, T i O2, Z r O2, H f O2, S i O2, S i N 
iSiVS isN4*»fe**»J: "9^f?$it^ 1 ifeli2JBL 

[0010] itrie^ 2 mutism, ^m^JKiRisj; 

JELL* * fcl±HrB5"J 3>fifj; >9ft*M 

§ v»!»Rit t TFmmufi v-~£>9~z*itz # y -> y 
/o 3>ii $ tt - *n-e * 4 £ t am 1 1 

[0011] mi&±mmt a k co, cu, m 

o, Rh, Pd, Sn, A u > Pt, EuiiWlr* 

i , T i N, T i A 1 N, T a N, T i S i N, WN, 
WBN, C o S i 3S3:zrwfrt>%:2>W2i *)M$lZtlTl& 
*) , *TSB*« i ttK-ftJRi± RUO2, RhOzfeilFlrO 

[0012] ilrfE* 1 HLCtNTCIH 1 **<7)*® *a 

* s ^$*tT^4£i:^* Lv^ 0 

[0013] tWB*J6ftJHi-> 'J 3 vSMfcJk y'jr/ 
ft-fkMX(±£it^o^)R-e^4£i:^ff Lv> 0 

[0 0 14] frI5g|«#K(±llT-*ll*ffi^«t Q^Jft? 
it^JSc-eafe-Si tMf t Lv> 0 

[0 0 15] WIBlI^-g^*fti±^ J r>^^-^RjS^x 

i /n-- v > if if 7. t *m$:m®ir 2>m®;x>$>z> z t a>m 

[0016] £ fz*§tmii, *3»#M£L{c -> 1; n 

30 ^nxmm^itfzminm^fm-r^R^t, mmmi 

Fit, frfBummLtc tirievy a s 
ttTt^ 1 «c j: 19 ft^r*i^ s *^ v»* 2 *®js-r* 

[0017] WEIWfWittr^^i^AaMfc*, 

Z-^^mit^l, TazOs, BST, S r T i Os, 
PbTiOs, PZT, PLZT, Y2O3, C e O2, N 
b20s, T i O2, Zr02, Hf02, Si02, SiN 
&£TfS i3N4^f>*4WJ: *)M$lZtlZ> 1 4ifcl±2Ja 
40 ±J:t)SSit#ffJLv> 0 

[0018] h5ie*2^;«(±#jim, mwL&&mm&£ 

BLt J: 0 J«* *\ t fctt -> y a >**Mt * ») ft»M»3&* 

[0019] fflSE^JRHHi A 1, Ni, Co, Cu, M 
o, Rh, Pd, Sn, Au, Pt, Ru&iO^Ir;^ 
<b££P<fc iJiliRS it-OS I? , «TSB*»^^JWUiT 
i , T i N, T i A 1 N, T a N, T i S i N, WN, 
50 WBN, C o S i $$3LZrWfrb%2>&£ 9 ilW^itTfiSc 
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[0020] imb* 1 mMi&m-rzwKik. mzm 1 

I002 1 ] «rfe^^k)^{± v v 3 vBiftn^ ~> 'J 3 > 

[0022] «rlBif «#K(iiK7-J||K3iri6U <fc 9 
Lv> 0 

[0023] Kff&m^-mmmfcitrvy'i-KEUfctfx 

[0024] wRUW#m*j&&rr*>8mik. ®amm 
[0025] ±m§&w** j r->* : y?Kmm'rz>t 

* 14, tMre» 1 VK&tf* 2 WiliT«**X 

**c««j»4o ±amwz h ? > v * * i-mm-t 
itm, una* i 2 -> u n 

[0 0 2 6] 

Wo*»fl*Ftt, -> U >**«tM»*S*Lfc* l * 
« t , BtrfB* l MLhKKJ@fc **#ctt» L -cj&S; $ ft 
fclHIffRi:, KriaiMt#iUiK»flt5*Lfc, TiirfBv 1 ; 
3 $*tfc* 1 1£J: !)ft«PHStf*;fci v> 

»2**fc*^ T? 

[0027] 01 it^m^m^^m 1 ©»i 

[0 0 2 8] 121 1 l-jsv^Tii^-v/^v-^fllit^^-f 

> * & * j£flinr«& & itin*) 

»M33fc, M#l37t, *2mffitLT^f-V/^ 
->^<0Ji«pm*3 9 HI -e, 3 2 1ifTOi 

[0 0 2 9] T»**3 3«±=^7C»attft»9^i-v^> 

^ $ *Lfc # v 'J ^ > It-ft $ it 4 o 

[0030] mmtt-m 3 7 (iTasmte-t 3 3 kkjsw* 



(5) 2001-111000 

8 

tfflRSMtitlKli, TMA [A 1 (C 

Ha) s] , A 1 (CHs) C 1 , A 1 C 1 3& i?OT A> 5 

- * ^ $ tt RJ6» £ * > / < - ftft L 

H2O, N2O, NO2, Osfcif 

(omitifz- L r if 7. -tv-?- v* > ^-f & ^ 

liH^Sx-tf *3fv— (A t o m i c Layer E 
pi t a x y) , *M ?V •y^it^mmm (c y c 1 i 
c C VD) , T-i *s ? Mt^mmfe (digital 

10 cvd) , a 1 c vB%b*&mmm&ffiz&mT% 

Ta205, BST (BaSrTiOs) , SrTi 
O3, PbTiOs, PZT (P b Z rxT i i-,Os) , 
PLZT (L a-eK-tf>r$tL7tP ZT) , Y 2 0 3> 
C e O2, Nb2 0s, T i O2, Z r O2, H f O2 , Si 
O2, S i Nisi: VPS i 3N4^f>^^)P«t ^jiJR^tt^, 
20 1 *fc{i2J£IL±*»fefl|*Sti.4ii:*«Sf$Lv»o 

[0 0 3 1 ] ±8&*tl 3 9 t± v V n § n. 

n >Hfc**W^ft$tL^z:«it-C*4i t if! L 
v^ 0 MItUIJAK Ni, Co, C 

u, Mo^ Rh, Pd> Sn, Au v Pt> Ru, Ir 
30 W^JSR, Mm&&mmt LTI±T i , TIN, T i A 
IN, TaN, TiSiN, WN, WBN, C o S i 31 

(±w<7)^«m, mw.n.mitmtLxi±Ru02, Rho 2 

T(±, A 1 ^ f^l&Se^JSfflS, T i N4i*(0M*lJ 
WiRuO«4 f<0*mtt*ftil t ^*Etr>6 s K - tT > ^ 

$ it/t ^ 'j -> >; 3 >m<o— SM^if *t & o 
[0032] i»i9i:±»tt3 9<7>ft*p^ic*, T 
UWU3 3 J: <-f2>c\b{zl f) , f^-f^idi- 

40 um»fl:iioiie#Mm*itg±$*4»4o 

[0 0 3 3] $f>(C, + 
OT^m*3 3±tC T«5«*O^H*a7Ktt$-*TTtt 
SS»«#K3 7 3 5*3^* 

t^WfHi>. lWE*5tflJH3 5i±S^- 

SU3 3±JC«i|&$it^MlL^75 5 «ttt)«0^, 
50 [OO34]02 B*»li|Oft#*?«)* 2 
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[0 0 3 5] 2 lm^i#f r 

i mmt Lxm, at*, #v 7714 

biftjftK6 5 »21St try- bm«6 7 t 
[0 0 3 6] SP*>, *HBOi2^ftiI^i^ 

^4*1 o^mfm t tm-r it, ->y a > 6 1 a* 

Tg|S«13 3 KJtJfcU y- H66 7tf s ±SB«® 3 9 
K*ftc<-*-£ <?>Xh& o HI 2 T?, #B3#-S§- 6 2 (4^% 

[0 0 3 7] r- hi«!6 5«±RJ6!»*IOI^ft»-f 4 

> / <- K SU& iTTs 1 1 < - v > if if* t * nufctttti- 4 * 

Lv\ hi!16 5 ZW. 

- y»tt*»«5l4 ^tii-o friar- h MUtK 6 5 (4 

2O5, BST, SrTiOs, PbTiOs, P Z T, P 
LZ1\ Y203> Ce02, NbaOs, T i O2, ZrO 
2, H1O2, S i02, S i Nfc iiX/S i sN^ibftS 
S£4 <9iiiR£*L& 1 *fttt2JLhJ: ») «*S i 

[0038] tfrter- b€*6 7i4v'j ^>ms^m 

flffi^^o frfSr- M6te6 7 (4* 1 (D&ffi&miz 

is it -s t bmhow jr a* <b * * £ t ant? * l < > 

Mxlf, A 1 > Ni, Co. Cu, Mo. Rh, Pd, 
Sn. Au, Pt, Ru, Ir <7)&mti£, Ti, Ti 
N, T i A 1 N, T a N, TiSiN, WN, WBN. 
CoSiiK (4WOia5itt *^««S> R u O2 , R h O2 
Xi4 I r 02O**ttaMUIfe L< J±i*L<bWiift#*J: 

» KR t ** K - 1? > ^ § ft fc # 'J y'Ja'/Rt ^ 

MHi:LT<4, T i NHt^iW**»K-tr>^$*tfejJ< 

[0039] £ <7> 4 -9 t:y- F MM 6 7 ri f > ') a 
6 1 4 *) ftfMt^l < ft*U4\ Sfcifc-r* iTl:-> U 

[0 0 4 0] *S&W03mfl:3R^ 'J a >*«6 1 ± 

ft* 6 3 , *#»(c{±'> y a >mibfi> v- V a >Mbis 
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IfirfBvV 1 co*B^a7Kttfb$-^-5»*7fctt 

[0 0 4 1] ja.T'^^Si^O'ttJti, ^-Y^^v^flfai* 
JH 1 offfiM&i&mt L-CiifHloilWtti: 

ov^Kwtii 1 , * 2 ^m^m<D h 7 > 

[0 0 4 2] 0 3^1114 {t&xW&n^-^'^sfRTf 
M 1 03r-V^V'*MSi6G£ (barrier heig 
ht) £^<BiaK£*«fB&«ItZ^LfeHWC*2»o 

[0 0 4 3] 0 3<4^5H<O^-V^<v3'»» 

+ ^y ? (4±gB i3 J; lTF^®SSr^-C/p*l^^ K— tf 
>^iSR-e*4^# K— H° > ^5 tLfc^ y U n 

vfflit l, m^mmm&im^xmtitm* 6 o a* $ 

•Jtt^fHK^^v^T i Nit-e#JftUfc»-6- oar, M 

[0 0 4 4] 13 RXFm 4 t?\ IMGteKjEJjtfUO'H 

[0 0 4 5] m4<D%i§£m<F> ;3 r J r^~s5' 
40 l4*D»MSa*»iiLfc£L 4 *> «v»Ji»WB^ 

M<0^b2-a(C4 »)^t-6«|fH±ft»* : poaft«ra 

[0 0 4 6] Sfc, iauWttlcH/^ TxmEE*«3]Dn5 
*t(4\ MHIbi, b2i:iS*4ffittt4 7a, 4 

<ft^ 0 mz, B4O*|&W*-v^->^<0*J»!l«*ilfS 
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[0 0 4 7] H5(i^*OS I S^ir^v^RWfcfMI! 
lf<7y-e$>t), @ 6 S I S ^ t / ty ^SWU 

[0 0 4 8] H 5 L)t i ? t:-|fttt4i|i»ftjff f 
ffF#-e^^«tt«»ic^l E - 7 A/cm 2 t:HU* 

v?4^o. 9 v*£v»itKj&*jF*, -tttfr^mn 

WM&fetf lE-7A/cm 2 V 5r® x. i>«EE* s *& 0 . 
9 V/t^v^o 

[0 0 4 9] Z <T> 4 1 ^^(404^.^06 (C^-TTgP 
W*fc±»«*i:olMMSSKjSH-*-*o H6-C, Xtt 

\mMx-***-*mL, Ymimmn^i^i-o jm 

a x{41 2 5r^WB8#S»5frR£fcU J m i n 14 2 

-f T * «J± -e<0 e - >r & i4 Blx * )V % 

*OS I S^-V^'v^tt 1 . 4 2eV^gU ^m<F> 

MIS^ J f/N , y?li2. 35eV^to 

[0 0 5 0] iOil ItflBfeOS I S 
KOMI S*^<y^!:i:ttltIil?i^0. 9 3 e V 
l»l2l»«J«S»±04tt|ttWLfcl»aE*SISb 
2-at-tt^» foT, ^B^coMI S^r^v? 
J±WTlEI*flE*$*O^ttfie3l6<0 S I S ?J:») 

•V * !4t£*<7) S I S 4 <9 f^#»tt*^*"C#t 0 . 
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